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1. I, Dr. Neil Maclntyre, M.D., have been asked to provide this declaration in 
connection with the patent application captioned above, which relates to the use of 
inhaled nitric oxide gas as an anti-infective. 

2. A copy of my curriculum vitae is attached as Exhibit 1 to this declaration. 
By way of summary, I am presently the Chief of Clinical Services in the Division of 
Pulmonary and Critical Care Medicine at the Duke University Medical Center. Since 
1981, I have also served as the Medical Director of Respiratory Care Services, the 
Pulmonary Function Laboratory, and the Pulmonary Rehabilitation Program at Duke. I 
have served on the editorial boards of such journals as Respiratory Care , Critical Care 
Medicine , Health Devices , and the Journal of Cardiopulmonary Rehabilitation . I have 
also authored or co-authored many publications in the field of respiratory care, as 
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reflected in my CV. I am highly experienced in the use of therapeutic and ventilatory 
gases in respiratory care, and have written broadly in this field. In addition, as described 
in more detail below, I have written a number of articles specifically relating to the use of 
aerosols to deliver therapeutic compounds to the respiratory tract. 

3. I have been asked as an expert in the fields of Respiratory Care and 
Pulmonary Diseases to review the patent application captioned above, and its claims, in 
the light of the prior art publication No. WO 95/09612 by S. Green et al ("Green"). I 
have also reviewed the Green reference, and the comments of the U.S. Patent Examiner 
as expressed in the USPTO Office Action mailed April 16, 2004. I find that I disagree 
with the USPTO examiner in rejecting the patent application claims based on Green, or 
based on the combination of Green and US Patent No. 5,558,083 by Bathe et al 
("Bathe"). In summary, I do not believe that 1) Green disclosed a method of delivering 
nitric oxide gas by inhalation to kill or inhibit the proliferation of microorganisms in the 
respiratory tract or that 2) One ordinarily skilled in the art would have found it to be 
obvious to take the different approach disclosed by Green and change it so as to deliver 
inhaled nitric oxide gas directly by inhalation to kill or inhibit such microorganisms or to 
suppress a respiratory infection associated with the microorganisms. I base my 
comments on the following facts: 

4. Throughout the Green reference, the authors describe the administration of 
nitric oxide "generators" or "releasing compounds" that are intended to generate or 
release nitric oxide. By definition, a nitric oxide releasing "compound" or "generator" 
implies the presence of at least two chemical entities compounded together that are 
required to produce the nitric oxide. Likewise, in all the examples given in the Green 
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reference, the nitric oxide generator that is administered is always in the form of some 
non-gaseous precursor compound - specifically a "nitric oxide/nucleophile" adduct that 
contains some material or molecular portion other than molecular nitric oxide - that is 
intended, eventually, to react or otherwise release nitric oxide in an aqueous solution. 
For example, at pages 15-20, Green describes that the nitric oxide/nucleophile adduct can 
be bound to a polymer material, and at pages 28-30 Green describes the use of liposomes 
to encapsulate the nitric oxide/nucleophile adduct. Table 1 of Green at page 27 lists the 
preferred nitric oxide/nucleophile adducts, all of which are themselves large molecules 
that cannot be administered in gaseous form. Nowhere does Green describe the direct 
inhaled delivery of nitric oxide gas in the pure molecular form, so as to result in exposure 
of nitric oxide to microorganisms within the respiratory tract. 

5. In fact, the Green reference directly teaches away from the approach of 
delivering nitric oxide gas directly through inhalation for killing or inhibiting 
microorganisms in the respiratory tract. For example, the authors state that the use of a 
nitric oxide releasing compound in treating animals, particularly humans, "circumvents 
the disadvantage of the use of pure nitric oxide, aqueous solutions of nitric oxide, and 
compounds which release nitric oxide but require undesirable activation mechanisms" 
(page 21, line 33 to page 22, line 3). According to Green, the described nitric oxide 
releasing materials are "capable of specifically targeting the delivery of nitric oxide 
generating compounds, and of modulating the rate of generation of nitric oxide" (page 
22, lines 3-7). These features that Green describes for these nitric oxide generating 
materials are not characteristics of inhaled nitric oxide gas. 
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6. In addition, Green states that, "Nitric oxide in its pure form, however, is a 
highly reactive gas having limited solubility in aqueous media (WHO Task Group on 
Environmental Health Criteria for Oxides of Nitrogen, Oxides of Nitrogen, 
Environmental Health Criteria 4 (World Health Organization: Geneva, 1977). Nitric 
oxide, therefore, is difficult to introduce reliably into most biological systems without 
premature decomposition" (page 4, lines 12-18). These statements indicate that 
inhalation of nitric oxide gas into the airway of a human would be an unreliable manner 
in which to deliver effective levels of nitric oxide into the liquid lining of the lungs or 
into the mucus, both of which could contain respiratory pathogens. Thus, one skilled in 
the art would have found no suggestion or motivation in the information disclosed by 
Green to deliver molecular nitric oxide in its gaseous form to treat infections, even 
though the methods of delivering inhaled nitric oxide gas had been disclosed in other 
contexts by others. 

7. Green refers to quite a number of techniques for delivering the described 
nitric oxide releasing compounds, including polymer materials for use with implants or 
patches (page 15, linea 1-5), targeting with antibodies or site-specific peptides or 
oligonucleotides (page 16, lines 19-27), vesicle-encapsulated nitric oxide generators 
(page 20, lines 17-26), oral formulations (page 22, line 24 to page 23, line 6), injectable 
forms (page 23, lines 14-28), etc. None of these involve application, let alone inhalation, 
of nitric oxide gas. Rather, they all involve application of some compound or material 
that only indirectly releases or generates molecular nitric oxide. 

8. As the Examiner has pointed out, Green also refers to administration of 
the nitric oxide releasing compound using "aerosol" formulations that include the 
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releasing compound (page 23, lines 7-13; page 29, lines 20-22). Once again, these 
"aerosol" formulations do not involve inhalation of gaseous nitric oxide, but rather only 
topical application, within the lungs, of some non-gaseous compound or material that 
only indirectly releases or generates molecular nitric oxide. Furthermore, the described 
use of aerosols to administer a non-gaseous active agent is fundamentally different from 
the claimed inhaled administration of gaseous nitric oxide. 

9. In this regard, I have worked extensively in clinical applications with 
aerosol form therapeutic compositions, and have authored or co-authored a number of 
publications in this field. Examples of my work in the field of aerosols include the 
following: 

1. Chairman, American Respiratory Care Foundation. Aerosol Consensus 
Conference, Cancun MX, 1990 

2. Chairman, American Respiratory Care Foundation. Aerosol Consensus 
Conference II. Bermuda, 1999 

3. Maclntyre NR, Silver RM, Miller CW, Schuler F, Coleman RE. Aerosol 
delivery in intubated, mechanically ventilated patients. Crit. Care Med. 1985; 13:81- 
84. 

4. Weg JG and the Exosurf ARDS study group (NR Maclntyre, member). 
Safety and potential efficacy of an aerosolized surfactant in human sepsis induced 
ARDS. JAMA 1994; 272:1433-1438. 

5. Anzvueto A and the Exosurf Acute Respiratory Distress Syndrome Sepsis 
Study Group (NR Maclntyre member). Aerosolized surfactant in adults with sepsis 
induced acute respiratory distress syndrome. New Eng J. Med. 1996; 334:1417-1421. 

6. Maclntyre, NR. Aerosolized medications for altering lung surface active 
properties. Resp Care 2000; 45: 676-83. 

7. Maclntyre, NR. Intratracheal catheters as drug delivery systems. Resp 
Care 2001; 46: 193-7. 

8. Maclntyre NR. Aerosol delivery through an artificial airway. Respiratory 
Care . 2002; 47:1279-88. 
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9. Maclntyre, NR. Intra-tracheal aerosol delivery in intubated patients, in 
Vincent, JL (ed). Yearbook of Intensive Care and Emergency Medicine. Springer, 
Berlin, 2001. 

10. Rinaldo S, Maclntyre NR. Continuous nebulization of albuterol sulfate 
for patients experiencing acute airway obstruction. Resp. Care 1992; 37:1370. 

11. Maclntyre NR, Coleman RE, Schuller FS, Zaccardelli D, Pattishall E. 
Efficiency of the delivery of aerosolized artificial surfactant to intubated patients with 
ARDS. Am. Rev. Resp. Pis. 1994; 149:A125. 

12. Maclntyre NR, Baran G, Schuller F, Day S. A small diameter multilumen 
catheter for intra - airway generation of therapeutic aerosols. Am. J. Resp. Crit. Care 
Med. 1996; 154: A. 

13. Maclntyre NR, Baran GT, Schuller F, McConnell R. Aerosol deposition 
during high frequency oscillatory ventilation using an aerosol generating catheter. 
Eur. Resp. Soc. 1997; A. 

10. One central point to understand about the aerosol administration of a non- 
gaseous compound as described by Green is that many pathogenic microorganisms 
respond to cytotoxic challenges by mutation into more resistant pathogens. Nitric oxide, 
because of its cytotoxic capabilities, has been shown to cause phenotype changes in some 
microorganisms due to nitrosative stress. This is of particular importance if the dose 
applied to the microorganisms is insufficient to eradicate them, as I believe would be 
expected to be the case if an aerosol, non-gaseous approach were used as described by 
Green. 

11. As is well known to those skilled in the art of aerosol delivery, only a 
small fraction of aerosolized solutions actually get into the lungs. Even with the best 
techniques, standard aerosolization devices (nebulizers) with appropriate mouthpiece 
deliver only about 5.0-20.0% of their material into the lungs, and the remainder is wasted 
in the mouth or exhaled back out into the environment. Not only is the amount limited, 
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but the amount delivered varies considerably by the selection of the device used, so that 
the dose delivered to the site of the pathogens will also vary depending on the device 
selection, and on the particular skills of the patient in using that device. 

12. Furthermore, aerosol delivery to the lungs has been frequently discussed 
in the literature, and it is well established that aerosol delivery does not achieve uniform 
deposition throughout the lungs. Not only is the uniformity of the deposition a function 
of the particle size produced by the aerosolization device, factors such as the physical 
characteristics of the material (hydroscopic properties, particle charge, viscosity, etc.), the 
speed of inhalation and the degree of airway disease will affect how much drug will get 
to any single location. Thus, short of a quantitative research study of each device and 
each patient, it would be difficult or impossible to determine how much of the active 
agent of a particular aerosol formulation is being delivered to the lungs, and to what part 
of the lungs. 

13. With the aerosol approach described in Green, it is highly unlikely that an 
effective amount of the inhaled non-gaseous particles in the dose would actually make 
contact with the microorganism. I believe that there is a significant potential that the 
molecule will never reach more than 20 percent of the lung. The wide variation in 
concentration throughout the lung would mean that large sections of the lung would be 
overdosed while other sections would be under-treated and perhaps cause pathogen 
mutagenicity. 

14. The approach by Miller in the present patent application offers significant 
advantages over that disclosed by Green. First, inhaled gases breathed continuously 
reach a steady state condition, usually within 3-7 minutes, whereby all surfaces of the 
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lungs that are in communication with the airways would be exposed to a uniform 
concentration of the drug. This would provide a uniform drug delivery to all locations 
and therefore expose all pathogens to the desired target nitric oxide dose. 

15. Second, gas concentration selection can finely control the dose and 
duration of effect. Pure molecular nitric oxide gas diluted appropriately in air or in 
another ventilatory gas has an effect that lasts less than 6 seconds so that to change or 
stop the dose, it requires no other actions other than setting a different inspired 
concentration or ceasing delivery of the drug. This is not the situation with the aerosol 
methodology described by Green, where non-gaseous nitric oxide releasing particles 
would be deposited on relatively undefined portions of the lungs, where release of nitric 
oxide would then occur at some rate and potency that depends on the characteristics of 
the administered nitric oxide releasing formulation and the nature of the application site 
(page 24, line 21 to page 25, line 15). 

16. Further in this regard, Green discloses a method of having the patient 
inhale a second "scavenger" compound to "counteract the inhibitory effect of the 
compound capable of releasing nitric oxide" (page 21, lines 17-26). To accomplish this, 
however, Green would need to know how much drug was delivered (as I previously 
stated, this would be unable to be determined by most means other than in a research 
facility) and then another drug would have to be delivered to the exact site of the original 
deposition to scavenge the nitric oxide produced by the generating compound. It would 
be difficult or impossible to assure that both the nitric oxide generating drug and the 
deactivating drug would have the same characteristics, or that the patient would inhale at 
the same speed or that the device for producing the aerosol would make both materials in 
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the same exact range of particle size. In contrast, because of the relatively instantaneous 
effects of inhaled gaseous nitric oxide, and the ability to cease (and resume) 
administration quickly and efficiently, the approach claimed in the present application 
does not suffer from the drawbacks of the non-gaseous aerosol approach of Green. 

17. In conclusion, I believe that the use of inhaled gaseous nitric oxide as 
claimed in the present application is clearly superior to the non-gaseous, aerosol approach 
describe in the Green reference. In addition, I do not believe that person of ordinary skill 
in the art as of 1998 would have found it obvious to take what is disclosed by Green and, 
even with the knowledge of how to deliver pure molecular nitric oxide gas to the lungs 
(as described for example by Bathe), use inhaled nitric oxide gas to treat pulmonary 
infections. This statement stands particularly strong in light of the cautions against the 
use of nitric oxide gas presented by Green, which were unrelated to the ability to inhale 
nitric oxide gas but rather related to Green's view of the lack of potential effectiveness of 
the gaseous form of molecular NO. 

18. I hereby declare that all statements made herein of my own knowledge are 
true and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false statements 
and the like so made are punishable by fine or imprisonment, or both, under Section 1001 
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of Title 18 of the United States Code, and that such willful false statements may 
jeopardize the validity of the application, any patent issuing thereon, or any patent to 
which this declaration is directed. 

Executed this day of October, 2004, at Jpt/i,La*s Ik)<> , U.S.A. 
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